INTRODUCTION

R
otator cuff tear is a common problem in the general population, [1] [2] [3] [4] and it can be associated with significant morbidity. [5] Magnetic resonance imaging (MRI) is a good tool to diagnose rotator cuff tears. [6, 7] With the rapid development of ultrasound technology such as 7.5-18 MHz linear array broad-bandwidth transducers, better penetration of the ultrasound beam, and improvement of image resolution; the sensitivity of ultrasound to diagnose rotator cuff tears has improved significantly and has reached nearly to that of MRI. [6, 8] However, operator skill is considered important for performing any ultrasound study. Ultrasound operators in studies demonstrating high sensitivity and specificity of ultrasound in diagnosing rotator cuff tears have had long experience in performing shoulder ultrasound; which often has been in years. [9] There is very limited data with respect of shorter ultrasound operator experience in performing shoulder ultrasound. One study showed good sensitivity and specificity in diagnosing rotator cuff tears which increased through the study as the experience of the operator increased.
[10] The current study was planned to assess the accuracy of ultrasound operator with shorter experience in performing shoulder ultrasound to diagnose rotator cuff tendinosis or tear.
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METHODS
Ultrasound operator
The ultrasound operator was a radiology resident who had completed 2 years training in general radiology. The resident performed shoulder ultrasound on 2 normal subjects and 20 clinical cases with rotator cuff abnormalities. At the same sitting, the contralateral shoulder was also evaluated using ultrasound (most of which were normal). After performing the ultrasound, MRI findings of the subject were reviewed the same day. This was done over 1 month duration.
Selection and description of participants
The study was approved by the Institutional Review Board. All patients suspected to have rotator cuff tear and planned for MRI of the shoulder presenting consecutively to the radiology department were included in the study after informed consent. The shoulder ultrasound was performed just before or immediately after the shoulder MRI scan, and the ultrasound operator was blinded to the MRI scan findings. Patients who refused to participate in the study were excluded from the study. This study was done over 6 months duration.
Technical information
Siemens ACUSON S2000 ultrasound machine with 5-14 MHz range ultrasound transducer was used for performing shoulder ultrasounds. MRI of the shoulder was done in Philips Achieva 3.0T MRI scanner.
Protocol for performing an ultrasound of shoulder:
• The study was explained to the subjects who were made to sit on a rotating chair.
• Subjects were made to perform routine maneuvers within comfortable limits; such as external and internal rotation of arm and extreme internal rotation of the arm such that the hand extended toward the contralateral shoulder blade.
Sequence of assessment:
• First biceps tendon was assessed with elbow at 90° flexion. The forearm was kept in supination.
• Subscapularis was assessed with the arm in external rotation and elbow at 90° flexion. The forearm was kept in supination.
• Supraspinatus was assessed after keeping the arm in internal rotation such that the hand extended toward the contralateral shoulder blade.
• For assessment of infraspinatus, palm of the hand touched the front of the opposite shoulder.
Ultrasound criteria for rotator cuff pathology [11] 
Tendinosis (Figures 1-3)
Characterized by a heterogeneous, ill-defined, and hypoechoic area in the tendon with a variable change in the caliber (enlarged/thinned) without a tendon defect.
Partial thickness tendon tear (Figure 4)
Characterized by a well-defined hypoechoic or anechoic abnormality that disrupt the tendon fibers:
• Interstitial tear: Within the tendon substance that does not extend to the bursal or articular surface.
• Articular tear: Extends to the articular surface.
• Bursal tear: Extends to the bursal surface.
Full thickness tear (Figure 5)
Characterized by a well-defined hypoechoic or anechoic abnormality that disrupts the hyperechoic tendon fibers and extend from the articular to the bursal surface of the tendon.
MRI of the shoulder
The following sequences were acquired in accordance with the institutional protocol: i. Proton density weighted (PDW) axial SPAIR (fat suppressed). ii. T2W SPAIR coronal. iii. T2W SPAIR sagittal. iv. PDW coronal. v. PDW sagittal. vi. T1W axial.
MRI scans were reported by two musculoskeletal radiologist with 5 and 10 years of experience.
RESULTS
A total number of subjects included in the study were 70. Fifty-five were men and 15 were women. Average age of the subjects was 39.6 years (±12.6 years). Average age for men was 38.3 years (±12.6 years) and for women it was 44.4 years (±12 years). Right shoulder was evaluated in 45 subjects while left shoulder was evaluated in 25 subjects.
( Table 1 ) describes true positive and negative and false positive and negative ultrasound studies with respect to MRI.
Subscapularis
Of the 24 subjects diagnosed with tendinosis on MRI, ultrasound detected 11 subjects. Partial thickness tear was diagnosed in 13 subjects on MRI of which ultrasound detected 3 subjects. No subject was diagnosed with complete thickness tear on MRI.
Supraspinatus
Of the 42 subjects diagnosed with tendinosis on MRI, ultrasound detected 35 subjects. 35 subjects were diagnosed to have any tear (both partial and full thickness) on MRI of which 31 were identified on ultrasound. Between complete and partial thickness tear, ultrasound diagnosed 5 of the 12 complete tears and 18 of the 19 partial tears as compared to MRI.
Infraspinatus
Of the 15 subjects with tendinosis, 4 were diagnosed on ultrasound. Four of the 8 subjects were identified with tendon tear on ultrasound as compared to MRI. 
Biceps
Of the 8 subjects diagnosed with tendinosis, 2 were diagnosed on ultrasound. No tear was found involving biceps tendon.
DISCUSSION
At present, there is inadequate data with regard to the number of ultrasound required for an operator to be able to diagnose rotator cuff tear with confidence. One study which assessed 2 operators recommended at least 100 shoulder ultrasound before the operators reached a plateau for their skills to diagnose supraspinatus tears. [12] In our study, the ultrasound operator with limited experience in performing shoulder ultrasound (2 normal subjects [4 shoulders] and 20 patients [40 shoulder]) could diagnose rotator cuff tendinosis with sensitivity, specificity, positive predictive value, negative predictive value, and accuracy at 58%, 84%, 63%, 80%, and 75%, respectively, and rotator cuff tear at 68%, 91%, 73%, 88%, and 85%, respectively.
Tendinosis and tendon tears involving subscapularis tendon were repeatedly missed. This may be attributed to normal striated pattern of the tendon [13] and effects of anisotropy, an artifact which occurs when the probe is not held parallel to the tendon. The resulting intra-tendinous hypoechoic appearance may simulate a tendon tear/tendinosis which may be mistaken for pathology. This would cause over or underestimation of actual pathology by an inexperienced ultrasound operator.
The results suggest that although sensitivity and specificity for diagnosing rotator cuff tears and tendinosis for ultrasound operator with limited experience is moderate, except for supraspinatus tendinosis and tears where the sensitivity was moderately good (83% for tendinosis and 89% for tear); the negative predictive values have been good (Tables 2 and 3 ). This suggests that an inexperienced ultrasound operator can exclude a rotator cuff tear and tendinosis with more confidence than diagnosing them.
The subject selection has been a confounding factor in this study. All the subjects enrolled in the study had high pretest probability for rotator cuff tears or tendinosis (this confounding factor is present in most of the investigations used in a hospital setup). Thus, the estimates for sensitivity and positive predictive values may be falsely raised. If the same operator was to perform shoulder ultrasound in general population with lower pretest probability the sensitivity of the test may be lower. However, in such a case the negative predictive values would be higher than estimated by this study. 
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Thus, the final conclusion of the study would remain unchanged that an ultrasound operator with limited experience in performing shoulder ultrasound can exclude rotator cuff tear or tendinosis more confidently than diagnosing them.
Limitations
This study is limited by a single ultrasound operator which gives us no idea how multiple ultrasound operators with limited experience would perform in diagnosing rotator cuff tendinosis or tear.
